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STE Lis On the Rational Utilization of the Magnetic Field an High- 
-Frequency Sources of Protons (0 ratsional'non ispol'zovanii 

‘ marnitnogo polya v vysokochastotnykh istochnikekh protonov) 

PERIODICAL: Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, lr 4, pr B12 


-880 (USSR) 


ABSTRACT : The influence of the magnetic field upon a high-frequency 
discharge is investigated here and in this connection come 
conclusions on the rational utilization of the mugnetic field 
in high-frequency sources of protons tor practical purposes 
are drawn. Of the three possible kinds of utilization of the 
magnetic field in high-frequency sources that of the so- 
-celled "transverse effect" of the magnetic field (references 
1.3) is investigated. All facts given here refer to the 
frequencies of 40-50 megacycles. It is shown that during the 
influence of the transverse magnetic field upon a high- 
-frequency discharge, which is excited by means of an 
inductive connection, this field does not only promote the 
introduction of the power into the domain of discharge. but 

Sard 1/2 also leads to a much more effective utilization of this 
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power. It 1s further shown that this relatively weak magnetic 
field at the same time brings about an anisotropy in the 
distribution of the density of the ionization current. The 
iutter fact leads to the conclusions that the mutual position 
of the coil causing the discharge, of the magnetic freld and 
co: the axis from which the ions are drawn out could be more 
rational, This conclusion is confirmed by the experiments 
with an ion source, It is shown that the use of 4 hetero- 
ceneous end-magnetic-field is more expedient than the use of 
2 homogeneous magnetic field. Some experimental data on the 
intluente of the magnetic field upon the high-frequency 
discharge are given. ~ fu.S. Alpat'yev and Z.P, Fedorus 
pertterpeted in the mensurements. There are 8 figures, 2 
tables. and ? references, 2 of which are Soviet 


Institut fizaki AN USSR, Kiyev (Kiyev, Institute for Physics, 
AS Usraininan 352) 
Decenber 14. 1956 
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SOV/56-36-4-10/70 
Gabovich, M. D., Pasechnik, L. L. 


The Anomalous Scattering of Electrons and the Excitation of 
Plasma Oscillations (Anomal'noye rasseyaniye elektronov i 
vozbuzhdeniye plazmennykh kolebaniy) 


Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 36, Nr 4, pp 1025-1033 (USSR) 


In the introduction, several papers dealing with this subject 
are discussed (Refs 1-11). The object of the present paper was 
the investigation of interaction between the electron beam and 
a plasma formed independently. The experimental arrangement 
(Fig 1) consisted essentially of a glasstube and an attached 
piece containing a probe. By means of a liquid mercury cathode 
and a special anode system a plasma was produced along the tube 
in the mercury vapor, the density of which amounted to 


1.102 - 1.5410! on™? (mercury vapor pressure p 1.107? torr). 
An oxide cathode served as electron source. First, the charac- 
teristic at various (small) currents I. of the electron beam 


wags investigated; figure 2 shows the dependence of the collector 
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The Anomalous Scattering of Electronsand the Excitation of Plasma Oscillations 


current on the grid voitage on the analyzer probe (8 curves for 
I, values of 0.05 - 13 ma with an anode current of 0.5 a, 


E = 50v, 1 = 50 mm). Plasma concentration was n = e640 6 


The conclusions drawn from the course of the curves and the 
phenomena of anomalous scattering are discussed (The phenomenon 
which was first observed by Langmuir (Ref 1), consists in prin- 
ciple in the fact that electrons which have penetrated the 
plasma partly have high velocities). Figure 3 shows the de- 
pendence of the relative quantity of anomalously fast electrons 
on the position of the probe (again for different I,-values). 


The problem of the limiting current is discussed and iliustrated 
by a table for different types of cathodes and different ancde 
currents and plasma densities I,.. and j,,_. The following 

lin lin 
chapter discusses excitation and extinguishing of plasma cs~ 
cillations occurring as a results of interaction between the 
electron beam and the plasma. Figure 4 shows the spatial course 
of oscillation intensities at various I -values and constant 


Card 2/4 q, = 10 ma, B = 40v. Figure 5 shows oscillation intensity 
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distribution at various I -values and constant oe = 13.5 ma. 


Figure 6 shows the dependence of wave length and oscillation 
intensity on I, and figure 7 finally shows the radial intensity 


distribution of oscillations in the electron beam penetrating 
the plasma for various I -values. In the following, the influ~ 


ence exercised by an external magnetic field oriented parallel 
to the electron beam is discussed in short. Figure 6 shows the 
dependence. of the position of the oscillation zone and of the 
scattering zone on the wave length of the observed electro- 
magnetio oscillations (1 increases linearly withA); figure 9 
shows the dependence of the position of the scattering zone on 
Aat 2 electron energies, E= 41 and 28 v. 1 also grows linear- 
ly with A, the ourve for greater E is somewhat steeper. Figure 10 
shows the same for A-values corresponding to a certain plasma 
concentration. A discussion of the results obtained shows that 
the effects observed may be explained qualitatively by the 

fact that electrons are assumed to gather in clusters and that 
these clusters coherently interact with the plasma. The 
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authors finally thank N. D. Morgulis for discussing resuits. 
There are 10 figures, 1 table, and 15 references, 4 of which 
are Soviet. : 
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AUTHORS! Gabovich, M. D., Bartnovskiy, 0. A., Fedorus, Z. P. 
ION Be Pee NSM AS TANSEY HT Se aE Ase: erect 
TITLE: _ Sag of the Potential on the Axis of a Discharge at 


Electron Oscillation in a Magnetic Field 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, 1960, Vol 30, Nr 3, 
pp 345-350 (USSR) 


ABSTRACT) Kistemaker and Sneider (Physica, 19, 950, 1953) showed 
experimentally that in a discharge with electron 
oscillations in magnetic field potential on the axis 
of discharge may be considerably smaller than potential 
of anode, In the present paper the autnors investi- 
gate causes for such a potential sag and examine condi- 
tions favoring effect. Figure 1 shows the diagram of 
experimental setup and measuring circuitry. In addi- 
tion to cathode K and anode A, there are two reflectors 


0, and 05 at the potential of the cathode of negative 


with respect to it. The cathode was eitner of tantalun, 
indirectly heated by bombardment of electrons originat- 
Card 1/11 ing on F or a directly-heated tungsten cathode. The 
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whole 35 mm length of the system was in an uniform longi- 
tudinal magnetic field H variable 0-4,000 oersted. 
The behavior of anode current In probe current I_. 


(at -80 v with respect to anode) and noise intensity 
in probe eurcutt th as functions of magnetic fleld are 


presented in Fig. 2. For I = 1, H 500 oersted. U, 


was 300 v with respect to the cathode. The authors 
prove irregularities of the I. curve are unambiguously 


related to noise intensity. ‘They explain these 
irregularities by formation of a fundamental discharge 
column caused by axial osciliations ‘of primary elec- 
trons in the raising magnetic field. At a certain 
optimum value of I the field starts substantially pre- 


venting plasma electrons from reaching the anode and 

produces a potential "groove." Its radial electrical 

field, in turn, facilitates motion of electrons toward 
Card 2/11 the anode which was hampered by the presence of 
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magnetic field. Further increase of H oroduces an 
unstable discharge, causing the mentioned lrregularities 
and noises. ‘The probe current changes sign because of 
an increasing number o* primary electrons reaching it 
and a decrease of potential of paraxtal Plasma, 

: Further tnerease of the magnetic field finally takes 

. over and decreases the anode current until discharge 

is apparently completely halted. To measure potential 
inside the plasma the authors developed a special 
thermal probe consisting of a tungsten dise 1 mm diam 
and 0.05 mm thick on a tungsten wire inside an insulat- 
ing quartz tube, By a velay M (see Fig, 1) probe P 


1s raised to a potential U,, during a time interval 7 1 


The electron current bombarding the Drobe can heat it 
sufficiently to produce an apprectable electron emission, 
During the second half of the cycle T»4 probe is at 

a 


potential U, and, if the heating effect 1s now lower 
Card 5/11 than previously, emission will decrease, Now, in the 


3" 
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case of U_ being lower than plasma potential, decrease 


of emission ts accompanied by a decrease of probe 
current while in ues U plasma current changes sign and 


remains constant in time. The authors changed probe 
potential 20 times per second, observed current pattern 
on an oscilloscope, and registered plasma potential from 
those readings of the U, voltmeter at which the decaying 


current pattern on the oscilloscope screen switched to 
the rectangular one. Results for measured potential 
UL and plasma potential on discharge axis un are shown 


in Fig. 6 as a function of magnetization current I 


es diam of the anode. Analysis of results showed 
; U= U -UL is a linear function of the square of tii: 


H 


anode diam: 


Card 6/11 
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Fig. 6, (1) d, = 4.0 em oe) d, 


a Som (3). d= 2.7 om 
Card 7/11 (4) d, = 1.8 om (5) d, = 1.0 ath . 
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The authors discovered that radial potential drop is 
almost completely located outside the axtal Plasma of 
diam equal to diam of the eathode. They note, however, 
all measurements mentioned above were done in the 
presence of a perturbation caused by the presence of 
the probe. They circumvent this objectionable Situation 
by developing a Special setup consisting of a grid 
across an p = mm opening on the reflector 0% 


followed by another analyzer Grid and a collector. 
Distribution of potentials is shown on the right in 
Vig. 8. The authors assumed there would be an apprec- 
lable ton current on the collector only when potential 
of analyzer grid V.. is equal or smaller than potential 


of plasma U.. Using these values they constructed the 


curves in Fig. 8 for an anode 2.7 em diam. Extrapolat cd 

potential values in the manner indLeated In Fin. 8 then 

yielded points marked by hollow cireles in Fig. 6, The 
Card 8/11 agreement between the two methods is apparently very ¢- sod, 
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(Ug> Up JA 


eo a © 2 Oe ee a : 
| . , whee he D A (2) I, = : 
Card 9/11 (*+) Ty, = 6.5 a : 
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The authors finally did some theoretical calculations 
starting from the equati 


on of radial eleetron current 
density 
dn De dll 
J- “dD dr HF _ dr (i) 


and the continuity equation 


dj. j 5 fe 
ae bhi. (2) 


Assuming n to be constant, they obtained a theoretica 


Pxpveustion Lor AU in volts 
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_ AU (v) 10-8. Hed? 


SOV/57-30-3-13/15 


(5) 


which for }f es 1,500 oersted and qd. = om yields A yu 
~ 20 v versus the experimentally are sie value 180 y, 


The authors note relationship U= 


PU, d,°) a8 well as 


value A U are Jn fair agreement with the experiment, 


The strong radtal 


fields up to 109 v/em are connected 


to a decrease of electron diffusion towards the anode. 


There are 8 figures; and 6 
Dutch, 1 German, and 1 U.S. 


D. Bohm, 


references, 


3 Soviet, 1 
The U.S, reference is} 


The Characteristics of Electrical Discharges 


in Magnetic Flelds. y. Y. 1949, 


ASSOCIATION: 
SUBMITTED: 


None given 


April 18, 1959 
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TITLE: Role of Multiple Processes in Proton Formation in Ion 
Sources 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, 1960, vol 30, Nr 3, pp 
354-358 (USSR) 


ABSTRACT: At the present time it 1s possible to obtain ion beams 
with a large proton content from appropriately con-~ 
structed ton sources, The proton production mechanism 
1s, however, in most cases unexplained except that 
experimental data indicate direct (single) processes 
during electron-molecule collision cannot represent an 
effective mechanism of proton creation, The author 
assumes a large proton content 18 connected to multiple 
Processes of electron collisions with heavy particles 
and considers gome of the posslbilities together with 
Cxperimental data in favor of such a bojnt of view, 

Card 19 He investigates the following possibilities; 


CIA-RDP86-00513R000513920017-3" 


APPROVED FOR RELEASE: 03/13/2001 


"APPROVED FOR RELEASE: 03/13/2001 . 


Role of Multiple Processes in Proton (7348 
Formation in Ten Sources HOV, 9¢-30-3-14/15 


a) H.-te— H,-- H,, b) Hye. Hy, 
a) H,-he> He, b) Hi e-e HH, 
a) H-re- He, py Hye HH, 9) Hyves Hl. 
The author assumes also: (1) BAS pressure and degree of 


lonisation are low, particle free baths are larger than 
Size of the container, and gradients of particle con- 


centrations are negligibly small; (2) recombination of 
atomic hydrogen occurs only on the walls and represents 
an effect of the first order: the nwnber of recombined 
atoms is proportional to the product of the flow of 
atoms toward the walls and the coefficient of recombin:-- 
tion. The ratios of the numbers of obtained protons 
and molecular ions are then given by: 


for process ] 
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e, Ht, and H 3 V 18 mean velocity of atoms. 
2 2 2 
diss, y. represents the integral 
oe 


Jorissuef(c)de, 


with & diss. H as electron collision dissociation 


cross-section of molecules, and f(c) as velocity dis- 
tribution function for electrons, F represents ratio 
of integrals corresponding to atomic and molecular 
lonization. In low lonization, as in the plasma of a 
stationary hf ton source with moderate generator power, 
the dominant production mode is (1). The author com- 
putes the process using the ¢, diss. q. Value by Massey 
- "2 


Card 4/9 and Mohr. (Proc. Roy. Soe., A, 135, 358, 1932), assunes 
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*. PIE 4 
where f? 1S piven by 


bows int 
Jer M feat jas 


J 1s current OYE re 
Tk ent dena tt les correspond ting: to Lons Ta Ht 
He iV is Volume of the SOUpees «a 1’ 2? 
2 § COS Is tyes Ge A Ses Maa ie 
1 Hiadss surface; 


n fal Fs me id a 
S5 is surface of metallic parte: rT, and 
weeess Ps and v, are correg- 


CQ 


onding coefftetent , 7 
p & coerrietents of recombination; L(t ) ts 
’ / < 5 is 


certain tabulated functions Slowly varying with kT 
in the intery: Se ps OE NE EL 
aes in, the in ae wider considerati ) 
107 OK, Gf (ier) varion eeeration (for B= S104 
4 i) les from 0.5-0.02), “According 
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Cand 6/9 


to lq. (7) B should be proportional to the total ton 
current density. To check the expression, the author 
established a hs Me /is discharge - variable Intensity 
inside a splericat pyrex tube, ding two eleetrede 
probes (AL and Mo) and a mass mie deseribed elge- 
where (M.D. Gabovich. PIE, ©, 88, 1956), the author 
measured composition of the Ton beam and Obtained the 
eneve In Fle. lo owhteh ty Indeed linear, Performing 
auxlilary experiments with and without 2 pepe echoes apiral 
inside the discharre tube » the suthor eg ‘bl ished the 
rat lo , ft; 1s in the limits 4o— r, Jy 3G, Taking 


r= il. 6. 1074 from the work of Poole pee Roy. Soc., 
163, HOU, 1937) the author found P, to be Sienificantly 
smaller thin 1 so he could nevleect the term Sor dn 


cam 


Hq. (7), Compt, Ing Lhen theoretieally he cot a value 
for BAI, = LE, Gomparine this value alth the expert- 


mental value of oO, Mf, ho eeneluded the assumption about 
the paramount importance of the prosese (1) was pirht, 
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fhe author further concluded to obtain a value of 4 
ay » which was reached in the pyrex tube expgri- 
ment with J, <710 ma/em*, one would need 1-10 a/em= if 


the tube were metal because of strong recombination on 
walls. This agrees with experimental results of 
Gabovich and others (UFZ, 3, 104, 1958); although 

there, in view of a larger degree of lonization, compet- 
ing processes could have Played an important role. In 
the case of proton production by a metallic capillary 
arc, the proton content ig limited by the small Value 
of the effective radius of the chamber Rapp 2 V/S in 


Eq. (73 Competing with the above electron collision 
processes in the proton production are collision pro- 
cesses between heavy particles, The widespread belief 
that the latter processes are characterized with a larj-: 
cross-section are not experimentally verified in the 
electron-~volt energy region. The author also notes 
precise massS~spectrometric results of Demirkhanov 
(M. Ardenne. Tabellen der Elektronenephysik, Jonen- 
Card 8/9 physik u. Ubermikroskopie, (Tables of the Physics of 
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AUTHORS: Gabovich, M. D., Pasechnik, L. L., Yazeva, V. G. 

\ \ 
TITLE: Detection of Ion Oscillations?in a Plasma + 
PERIODICAL; Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 


Vol. 38, No. 5, pp. 1430-1433 


TEXT: Ion oscillations with a limiting frequency of fo = Vne@/ nM have xX 


been known for electron beams with compensated space charge, but they had 
not yet been found in the plasma of a gas discharge. It is shown in the 
present work that it is possible to make a direct determination of self- 
sustaining ion oscillations in the plasma of a gas discharge. The ex- 
perimental apparatus consists of a discharge tube in which there is an arc 
discharge in mercury vapor; the charge concentration in the plasma can be 
varied by varying the discharge current. There are two probes in the plasma, 
one fixed and the other movable. The distance between them could be altered 
from 0 to 15 mm. The arrangement for the detection of ion oscillations ig 
described in brief, Essentially, it consists of a preamplifier, a super- 
heterodyne anplifier of the type UM-12M(IP-12M), a special three stage 
Card 1/3 ar 
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narrow-band amplifier, and a tube voltmeter. The sensitivity of the ampli- 
fying arrangement Can reach ~2-19-8 y, The results of measurement are shown 
in Fig. 2: With increasing discharge current I, the voltage Vout at the 


output of the amplifier system increases, passes through a maximum, and then 
falls steoply. The position and the height of the Signal peaks in the 
Tout (2) diagram depend on the frequency f of the amplifier. Fig. 2 shows 


the characteristics for f « 1.6, 2, And’ 2.4 Me/sec. Pig. 3 shons the de- 
pendence of the resonance currents on the potential of the probes for 
6 f-values between 1.6 and 2.6 Mc/sec. las increases linearly with J 


and the greater f the greater is the slope of this straight line. (1 igs 
the I-value “orresponding to the peak of Tout: The followi relation®(2) 
holds for the frequency of the ion oscillations: f « £,/Yiene?x?/akr F 
where \ is the wavelength. With this, the charge density in the plasma i 
ns £?/(e*/ay - 07874? /nkT) | (ne & 10 em7?), It may be assumed tnal* 


probe’ 
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approximately equal to the radius of the ton layer surrounding the probe. is 


f but also with negative potential Us robe of the probe. This is actually 

found to be so experimentally, It is also found that 4° < kT. /ut?. Asa | 
practical example (corresponding to the experimental Conditions), one has 
Anax 7 049107? om with T= 3.8+104 °K and £ = 2198 cps. Such a thick- 


ness of the ion layer (A. ) fairly agrees with the experimental results, 
By extrapolating the curves Shown in Fig. 3 for a zero potential of the 


probe, no and I, reg M4yY be obtained; and also here theory and experiment 


agree satisfactorily (Fig. 4). It has, thus, been Possible to detect by 
these experiments the oscillations of ions and to verify formula (2) 
qualitatively. Vy, p, Rutgayzer and K. I, Kononenko are mentioned. There are 
4 figures and 6 references: 1 Soviet, 4 US, and 1 Irish, 
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4220 E140/E163 
AUTHOR: Gabovich, M.D. 
TITLE: On the mechanism of exciting electron plasma 
oscillations 


PERIODICAL: Radiotekhnika i elektronika, Vol.6, No.1, 1961, 
pp. 178-179 


TEXT: In this letter the author discusses the conflicting 
“opinions concerning the significance of Merill and Webb's (Ref, 1) 
fundamental experiments, The author expresses the opinion that 
only the klystron model of excitation of oscillations is capable 
of explaining all the known facts, 

There are 23 references; 11 Soviet and 12 English. 


ASSOCIATION: Institut fiziki, AN USSR 
(Physics Institute, AS Ukr. SSR) A 
SUBMITTED: April 21, 1960 
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D274 /D303 
26,233) 
AUTHORS : Gabovych, M.D. and Romanyuk, L.I. 
a, 
TITLE: Plasma ejection by electrodeless pulse-discharge 
in a vacuun 
PERIODICAL: Ukrayins'kyy fizychnyy zhurnal, v. 6, no. 4, 1961, 
461-466 


TEXT: Experiments are described with bursts of plasma in a narrow 
channel. Fig. 1 shows the experimental setup used. In glass tube 

1 a discharge takes place at a pressure of 4°10-2 mag in region 1, 

and of below 1+¢10"* mmlig in region 5. ‘The current related to the 
plasma-bursts was measured by moving electrode 6, Oscillograms 

were taken of the voltage drop across resistor 3 (which is part of 

the same circuit as 6). Oscillograms are show of the current in 
circuit 6 at various voltages of the capacitor battery. The same 
figures show a plot of the time-derivatives of the exciting field- 
strength H. Another figure shows the dependence of the clectron x 
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and ion streams on the voltage U of the electrode 6. From the os- 
cillograms it follows that the potential of the plasma with respect 
to electrode 6 is a periodic function of time. It turned out that 
the elcctron andion pulses were shifted by a half-pcriod. ‘The rea- 
son for this could be the changing longitudinal electric polariza- 
tion of the plasma. In the above experiments, the voltage of elec- 
trode 6 was given with respect ot plate 4, made of metal. Further 
experiments were carried out, in which the voltage was given with 
respect to reference electrode 3, made of glass. In this case, 

the maximum ion-stream density at the outflow from the channel was 
well above 100 amp/em2. ‘The velocity of the plasma was estimated 
by the magnitude of the time-shift of the pulse fronts related to 
the displacements of electrode 6. The velocity was found to be 
approximately 8¢10° cm/sec., corresponding to a proton energy of 
nearly 30 eV._ The charge concentration was found to be approximate- 
ly 1-1014 cn-5, ‘There are 6 figures and 6 references: 5 Soviet- 
bloc and 1 non-Soviet-bloc. 


ASSOCIATION: Instytut fizyky AN USSR, m. Kyyiv (Physics Insti- 
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AUTHORS: Gabovich, M. D., Pasechnik, L. L., and Romanyuk, best? 
A St 
TITLE: The boundary of a penetrating plasma and plasma focusing 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 31, no. 1, 1961, 87-93 


TEXT: The authors describe a probing method for determining the boundary 
of a penetrating plasma. The experimental arrangement shown in Fig. 1 con- 
Sists of « pulsed ion source with electron oscillations in a magnetic 
field. The discharge current attains 40 a, the ion pulses have a rect- 
angular shape, the pulse repetition frequency is 50 cps, and the magnetic 
field strength is about 300 oergteds. The discharges were produced in 
hydrogen at a pressure of 5°10°? mm Hg. The plasma coming from the source 
passes through an opening in an electrode (9), and reaches a lens con- ‘ 
sisting of two cylinders (10) and (11) (inner diameter of the cylinder: 

120 mm; L = 120 mmy distance AL: 20 mn). Electrode (11) has a negative 
potential of y = 50 kv relative to electrode (10). A beam catcher 


prevents secondary electron emission from electrode (11). Probes (7) and 
(8) ome be shifted. The signal coming from the probes was amplified 
Card 1/7 
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and fed into a peak generator. The output signal of this peak generator 
was conveyed to a recorder, whereby the spatial distribution of the probe 
current could be recorded. From the axial and radial distributionsof the 
plasma parameters near the opening, which are shown in Figs. 4 and 55 

it follows that an increase of the negative potential of electrode (11) 
up to Le = 30 kv produces no effect upon the distribution of the plasma 


parameters. At a greater distance from the opening, determination of the 
plasma parameters is more difficult. The authors confined themselves to 
determining the plasma boundary, and, for this purpose, they applied a 
potential of 100 v to the probe relative to electrodes (5) and (9); the 
probe current was automatically recorded. In this way, a plasma boundary 
could be clearly determined. This boundary is at a distance of about 
10-15 mm f:rom the opening and manifests itself in a change in the drop 

of the probe current. Up to approximately 10 mm, the probe current drops 
exponentially; at larger distances a greater drop occurs (Fig. 6). In 
this way, it is possible to determine the plasma boundaries for various 
conditions. As may be seen from a close study of the plasma boundaries, 
the shape and position of the plasma boundary chd&nge with a change in 

Uo which is equal to a change ip the focusing properties of the systen. 
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(Institute of Physics AS UkrsspR, Kiyev) 
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AUTHORS: Gabovich, M. D. and Romanyuk, L. I. 
TITLE: Effect of a magnetic field on the shape of the boundary of 


a penetrating plasma and on plasma focusing 
PIRIODICAL: Zhurnal tekhnicheskoy fiziki, v. 31, no. 3, 1961, 315-320 


TEXT: The authors demonstrate that a magnetic field may considerably 
influence the shape of the boundary of a penetrating plasma. According 
to the configuration of the boundary concerned the magnetic field may 
improve or impair plasma focusing. The development of new methods of 
controlling tie shape of the plasma boundary is of concern. The apparatus 
used for thes3 experiments has been described already by M. D. Gabovich, 
L. L. Pasechnik, L. I. Romanyuk, (ZhTF, 31, 87, 1961). It is illustrated X 
once again in Fig. 1. Like in earlier studies the authors used a pulsed 
ion source with a duration of pulses of 100 microseconds and with a 
frequency of 5O pulses/sec. In this case the plasma penetrated into the 
plasma lens consisting of electrodes 6 and 7 through a hole in electrode 
4. The plasma boundary was determined by two probes 2 and 3. Fig. 2 
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shows the dependence of the amperage Ig measured in the beam catcher on 
the magnetic field strength produced by the solenoid. With an intensifi- 
cation of the magnetic field Ig decreases already with very weak magnetic 
fields. Fielis with some dozens of oersteds are already sufficient for “ 
a considerabla reduction of the ion current focused into the beam catcher. 
The configuration of the boundary of the penetrating plasma is changed 

as a result of its contraction and may impair the focusing properties of 
the system. Also a weak magnetic field may disturb plasma focusing, 
however, at laast two cases exist where the magnetic field improves the 
focusing of the ions: 1) Focusing with lacking magnetic field under ex- 
clusive action of an electric field. 2) If the magnetic field in the 
discharge chamber of the source considerably penetrates into the region 
of the plasma to be studied. In the last chapter the author ‘escribes a 
ring-shaped plasma source. The following problem is dealt with: Let us 
replace the sole opening with its center on the axis of the source by 
several openings which lie on a concentric circle. Is the intensity of 
the plasma near the axis of the lens weakened and is the concentration 
thus distribused over the plasma surface? In what manner is the quality 
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of plasma focusing affocted? For this purpose the central opening was. 
replaced by 6 openings lying on a circle.with a radius of 1mm; the ion 
source, however, remained the same. In the.case of the holes circularly 
arranged the density of the ion current was considerably lowgr than with 
One central opening (in the cases studied here j. = 65 ma/em* and 


= 440 ma/om’). In the case of circularly arranged holes more than 70 


j 

of the total ion flux could be focused into the beam catcher. With the 
concentrically circularly arranged holes the oonfiguration of the plasma 
boundary is much more concave than in the case of a single central opening. 
Also in this case the magnetic field impairs the focusing of the plasma 
since the plasna is contracted and a projection is formed on the concave 
boundary of the plasma. The authors conclude that the best results can 
be obtained by passing the plasma through openings which are’ at a certain 
distance from the axis of the source. In some cases such systems are less 
sensitive to the effect of magnetic fields. There are 12 figures and 

3 Soviet-bloo references 
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AUTHORS - Gabevieh. M.D. and iJitropan. I. M. 
eee cil ee 

TIPLE: Theaprvation <f hydroragnetic cscilleticns in the nlasma of 
an ajectrede-tasa pilsed diacharge 


PERTODICAL: Zhurnal tekhnisheakey fi2iki. ve $1. no. 6, 1961, 6746-679 
PRAT: "he radial aeciliations ¢f a plasma rennected with the annular 
cucrert formag in an slactroje-ters pulsed discharge were investigated in 
waricua tapers, etretially ty Go R. F. Niblert, T. 5S. Green (Ref. 3: Proc. 
Phys. Seo. 74. 747, 9250). Hare. the results cf scte experiments are 
oresented, ha @iseberde. dees pulsed discharge was excited in a quartz or 
dinas tube of 4S mm tiameter. surrcunded by two parallel-sonnected copper 
eeu; a My ard Wy with ane winding eacn (Pig. 1). & pattary of 1O-uf 
Sapacitera chargad *¢ 70 kr wag discharged inte the aircair consisting of 
ha aaid corto. the feud sires, ard the discharger. The inductanse of the 
hiyrant ccrsudr was Gt mpsrchesry no tbat the current castilaticn period 
was abaat & yaas. Tha waa was previous’y fonized hy a high-frequency 
Vacharge, The cetl Ko orlacad in the quactz tube served a3 a magnetic 
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oveke, antopermictad the fr. d strergth on the asia of the system to be 
ro purer Phe Resseakty Falta Pl ard bo inside gose. cubas permitted an 


opearvation acd meesaurement «6 the annular currents in the gaa in two 
varts af the tube oor the wall and oor the axia’. as well as an estimation 
“Fo wadial chef's cf che current ring. Those halite could be replaced by 
era balt whoch measuret rea tetal annular currant or cre gas, Another 
heit aerpved for measiticg the currant in the acpper winding. The cireuits 
ry She magnetics pe he ant af the ha'lta contained tetesratirg RG elements. 
Whe latter ware chessn oa 1: *e ohaerve, on the sactiloicene screen. the 
arteraged and mayretia fielay. and act thate dartuvativaa, The resulting 
Tecan curams gphow shat the plaama formei in the diacrarge (discharge in 
hydrogen at a pressure !-0.12 mm Hg) influences the strength of the 
magnetic fiald considerably. At first, the magnetic field easily enters 
the plasma. An tncreasing phase shift occurs between the two above- 
mentioned quantities with tranaitien from the aasend to the third half- 
eyele., At the berinnirea of the third nalf-cvele. the field on the plasma 
aria has a diraction opposite te tba outer field. In the firat quarter 

ef the third half-cycla. ‘he strength of this phase-snifted field increases 
strongly. This may ba assumed te be due to the fornation of a current 
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ring, its motion toward the center, and the pinch of the magnetic flux 
"frozen" in the plasma. In such a pinch of the magnetic flux. the 
formation of radial oscillations of the plasma connected with the current 
ring may be expected. This is confirmed by data ottained with belts P, 
and Pj. The oscillograms obtained with the cuter belt F, show that the 
increase in strength of the magnetic field is preceded by the formation of 
a plasma ring of some dozen ka near the wall. fhe cscillograms recorded 
by Py and Py shew a shift of the plasma ring formei cn the wall toward the 


axis. The radiai osciliaticns of the plasma are chierved after deformation 
of the current ring. This is shown by the osetilation of surrents and 

the fluctuations in strength cf the magnetic frald chserved at the 
beginning of the increase of the "frozen" magnatic field; a* that time, 
tha plasma layer connectad with the current ring is near the niddle of 

the tube radius. After a few oscillations, the piivama ring may shift 
toward the tube center because of the weakening cf the magnetic field. 

The plasma ring is shifted toward the tube center when the current in the 
copper windings approaches its maximum, whereupon the surrent ring de- 
composes, the nenductivity of the plasma decreases, and tne outer field 
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enters the whole plasma. Here. a sudden change of the field (negative to 
positive) is observed. It is a characteristic featura that the 
oscillations of the piasma ring occur during the pinch of ‘he magnetic 
field eppcsite to the outer field, i.e.. of the field, the lines of 
which are connected with the inner currents in the plasma, and not with 
the current in the cuter winding. It is shown that the cbserved period 
of oscillations coincides. as to the order of magnitude. with the period 
expected accercing to the approximation of Ref.. 3. It is pointed out 
that in the case of a heavy gas of the same préssure, the oscillation 
period is larger, which is also confirmed by “the cscillograms obtained 
(hydrogen was replaced by krypton). The ancrease of the negative field 
observed in the discharge in hydrogen aad the cscillations of the plasma 
ring were not observed in the discharge in krypton, as had been expected. 
The present paper wan read at the Vtoroye soverhohaniye po teoreticheskoy 
i prikladnoy megnitnoy gidrodinamike (Second Conference on Theoretical 
and Applied iMagnetohydrodynamics) in Riga on June 30, 1960. There are 

7 figures and % references, 4 Soviet-bloc and 1 non-Soviet-bloc., 
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ASSOCIATION: Institut fiziki AN USSR Kiyev (Institute of Physics of the 
AS UkrSSR Kiyev) 


SUBMITTED; July 25, 1960 
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AUTHORS; Gabovich, M. D., Pasechnik, L. L., and Lozovaya, Ye. A. 


TITLE; Discharge of a plasma with high concentration of charged 
particles into a vacuum 


PERIODICAL: Zhurnal tekhnioheskoy fiziki, v. 31, no. 9, 1961, 1049-1056 


TEXT; The authors studied, by a probing method, the spatial distribution 
of the parameters of a hygrogen plasma with high concentration of charged 
particles (about 1015 om-?). ‘The plasma was produced by a pulsed 
discharge, the amplitude of the discharge current being about 50 ka. The 
oscillation period was about 25 psec, the battery of condensers had 90 pf 
capacity, and was charged to 3 kv. The most important parts of the 
experimental arrangement were the plasma source (discharge space with 

3 electrodes) and the empty space beyond the hole in the lowest electrode 
(cf. Fig. 1), where one or two probes could,be shifted. All measurements 
were made at e hydrogen pressure of 5.6°10 ~ mm Hg in the source, and 


about 1079 mn Hg outside the source. In all cases the oscillograms of 
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the probe ourrent were recorded together with those of the discharge 
ourrent. Some peculiarities turned up in the transition from fonic to 
eleotronio current; in partioular, a strong modulation of the electronic 
current took place. Such a modulation was observed when the probe 
exhibited a small positive potential with respect to electrode 2 (Fig. 1). 
Further, it was remarkable that the ionic ourrent peak agreed almost 
exactly in time with the discharge current peak, while the electronic 
current peak was considerably shiftedagainst the discharge current. This 
is explained by the fact that the probe current depends not only on the 
plasma concentration but also on the potential in the probe space at the 
given instant. After determining the probe characteristics, the authors 
determined the distributions of concentrations of charged particles, of 
electron gas temperature, and of the space potential. Fig. 9 shows 
examples of radial distribution of the probe current for distances of the 
probe from electrode 2 of 5, 10, and 20 mm. Results reveal that the 
axial distribution of parameters is the same as in plasma with low 
concentration of charged particles. The temperature gradient is here 
lower than in plasma with low concentration of charged particles. In the 
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anode cavity, the temperature of the electron gas (about 50,000°K) is 
lower than in the cathode cavity (130,000-70,000°K). There are 9 figures 
and 8 referenses: 6 Soviet and 1 non-Soviet. The reference tc the 
English-language publication reads as follows: The Characteristics of 
electrical discharges in magnetic fields. Edited by A. Guthrie and 

R. K. Walkering, N. Y¥., 1949. 


ASSOCIATION: Institut fiziki AN USSR Kiyev (Physics Institute, 
AS UkrSSR, Kiyev) 


SUBMITTED: August 1, 1960 
Fig. 1. Diagram of the experimental arrangement. Legend: 1,2, and 3 


are electrodes; 4 ia the outlet of the plasma source ( 3 mm diameter); 
5 is the discharger; 7 and 6 are the probes; Cy is the capacity for 


maintaining the probe potentials (A) is an amplifier, (B) an oscilloscope. 


Fig. 9. Spatial distribution of the plasma parameters. Legend: (a) 
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GABOVICH, M.D. [Habovych, M.D.]; YAZEVA, V.G. [IAzieve, ¥.H.] 


Correlation of low-frequency and high-frequency oscillations induced in 
a plasma by an electron beam. Ukr, fiz, zhur. 7 no.9:1015-1020 3. '62. 
(MIRA 15312) 


1. Institut fiziki AN Ukr§SR, Kiyev. 
(Plasma oscillations) (Electron beams) 
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AUTHORS: Gabovich, M. D., and Kirichenko, G. S. 
Peas icra tara eae 
TITLE: The oscillation of ions in the region of the potential 
minimum and the low frequency oscillations in a gas 


discharge 
PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 32, no. 11, 1962, 1376-1381 


TEXT: The oscillation properties of a vacuum diode having very low cesium 
vapor pressure and those of a mercury vapor diode, are investigated using 
an experimental arrangement as shown in Fig. 1. The positive ions of 
cesium produced by thermal ionization move to and fpo between the cathode 
and a point of reversal which depends on the anode potential. If the 
potential minimum (ev, >kT) is deep, the motion of the ion is determined 


not by its thermal velocity but by the electric field. The frequency 

of oscillations is calculated for pressure so low that the space charge 
of the cesium ions does not affect the motion of the ions. Application 
of Langmuir's relations (Phys. Rev., 21, 419, 1923) to the dimensions of 
the 2 aaa well leads to the following formula for the frequency of 
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the flight ion oscillations: 


fo ee 


Here HN ie and a are dimensionless parameters tabulated by Langmuir, a 
is the electron mass, M the ion mass, and j the density of the electron 


current. The frequency is found to be proportional to j 1/2 (Fig. 2). The 
oscillationa are independent of the parameters of the external current 
circuit, are sinusoidal, and have constant frequency and amplitude modula- 
tion. The excitation of the Oscillations is explained as follows: In the 
region of the potential well an oscillating electric field exists which 
modulates the ion velocity and consequently the ion current. This causes 
the depth of the potential well to pulsate and the anode current to 
oscillate. If the cathode is incandescent, have to traverse a double 
layer the positive ions in the plasma of a gas discharge to reach it. 

This double layer lies near the cathode. Inside the double layer there 
exists a potential minimum, the depth and dimensions of which can be 
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determined from the anode current and the saturation current of the 
cathode in the same way as for the vacuum diode provided that the 
positive space charge is negligible. The flight-oscillations of the 
positive ions that occur under these conditions are the main cause of 
low frequency oscillations appearing in discharges with incandescent 
cathodes. There are 6 figurea. : : 


ASSOCIATION: Institut fiziki AN USSR, Kiyev (Institute of Physics 
AS UkrSSR, Kiyev) 


SUBMITTED: October 5, 1961 : a4 


Fig. 1. Block scheme. Legend: (1) commutator of the filament current, 
(2) electronic commutator, (3) superheterodyne, (4) oscillograph, 

(5) 3HO-1 (ENO-1) oscillograph, (6) broad band amplifier, (7) cathode 
follower, (&) OK-17 (OK~17) oscillograph, (9) amplifier. 


Fig. 2. Dependence of the frequency on V5 for different filament 
currents. Legend: (1) 13.0 a, (2) 12.2 a, (3) 12.0 a, (4) 11.25 a. 
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2b. A3IR : 
AULHORS Gabovich, M- D.,Kirichenko, Gc. S. 17 
a cee ee 
TITLE: The excitation of oscillations on the passage of a-bveam of 


slow ions through a plasma 


PERIODICALS jhurnal. ekeperimental 'noy i teoreticheskoy fiziki, Ve 425 
noe 6, 1962, 1478 - 1480 


TEXT: A discharge was produced in cesium vapor (~ 107? mm Hg) between the 
cathode and the anode (Figs 1)« The. plasma of this discharge penetrated 


the side branch with probes, 39» 3 and }. The probes 3, and 3o are 


placed at distances of 9 and 15 mm from the probe 3- A positive potent ial 
relative to the plasma was applied to a. At high temperatures of 3; ae 
cesium ions were produced py surface jonization. Owing to the potential 
difference these jons fell into the plasma a8 & straight line beam. In 
agreement with the theorys low frequency oscillations were excited on the 
passage of slow ions through the plasma. The low frequency oscillations 

made their appearance at those temperatures of 3 at which cesium ions were 


produced. The frequency of the oscillations 
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_Gabovich,: M. Gabovich, M. De; Kirichenko, G. §&.; Koydan, V. 8S. 


Excitation of plasma oscillations by an ion beam, and the 
possibility of determining the electron ‘temperature 


SOURCE: Diagnostika plazmy* (Plasma diagnodtice)s sb. wtatey. 
Moscow, Gosatomizdat, 1963, 283-291 


TOPIC TAGS: plasma oscillation, ion beam, plasma ion oscillation, 
plasma electron temperature, plasma interaction, drift, standing ' 
wave 


ABSTRACT : Continuing their earlier investigations ("Zh. eksperim. 

i teor. fiz." v. 42, 1478, 1962; Ukr. fiz. zh., in press), the 
authors describe apparatus aimed at checking the influence of elec- . 
tron drift. in a direction opposite to the ion beam on the stability 
of the ceetttabions produced when an ion beam possess through a plas- 
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ma. The apparatus and its operation are briefly described. It is 
reported that, unlike the earlier experiments, oscillations with 
noticeable amplitude were excited also in the absence of drift cur- 
rent. The properties of these oscillations are described briefly. 
In the presence of backward drift, a new type of more intense oscil- 
lation with a rather narrow frequency spectrum was also observed. 

It is concluded that the backward electron drift leads to establish- 
ment of a standing wave, to a considerable increase in the oscilla- 
tions, and to a narrowing down of the frequency range. The ion 
threshold energy at which the excitation of these oscillations ter- 
minates is proportional to the electron temperature. This is in 
qualitative agreement with the theory and gives grounds for assuming 


temperaturas of the investigated plasmas and also to carry out a 
rigorous quantitative determination of the threshold energy. Orig. 
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‘PLASMA ION SOURCES AND ION-BEAM FORMATION (USSR) 
a IMs 


mM; Gabovich, Mp, Pribory i tekhnika eksperimenta, no, 2, Mar-Apr 1963, 


5-19, ‘ S/120/63/000/002/001/041 


_ A detailed review of the state of research and development of 1) ion extraction — 
from plasma ion sources and 2) primary formation of ion beams is given, based 


ae . on $9 articles (27 Soviet) published up to October 1962, The conditions of three 


methods of ion extraction are described: 1) the emissive surface of the plasma 
is flat, within the ion source, and close to the outlet uperture; 2) the emissive 
surface is concive,. within the ion source, and much larger than the cross sec- . 
tion of the outlet channel carrying the focused ion beam; and 3) the plasma ex- 


tends beyond the ion source and forms a well-developed emissive surface ahead . 
of the focusing lens, Each type is subjected to a broad analysis and interpreta- 
ee : {VG} 


tion of its potentialities, 
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‘AUTHORS:  - Habovych, M. D., Lozova, 0. 0. and Romanyuk, L. I. 


DITLE: Possibility of location of the boundary of penetrating | 
: . plasma by a beam of charged particles 


8/185/63/008/001/008/024 : 
D308 | 
j 


PERIODICAL:  Ukrayins 'kyy fizychnyy zhurnal, v. 8, no. 1, 1963, 
57-59 | | 


TEXT: If a beam of electrons passing through plasma and falling 
/on a fluorescent screen is displaced away from the ion source, the 
bright spot on the screen will also be displaced in the same direc- 
. tion until the beam reaches the plasma boundary, and then in the 
/ Opposite direction owing to the reflection of the beam at°the boun~. 
‘dary. By varying the inclination of the beam.one can determine the 
-. position and the shape of the boundary. The authors describe an 
.. experimental installation Which they used for checking this me- 
; thod. Data agree well with those obtained by the probe method if 
-the potential is not too high. The error at high potentials is ex- 
plained: by the fact that the boundary becomes convex, and use of 
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heavy nesative ions instead of electrons is Suggested in this case. . 
| There are 3 figures. 


“ASSOCIATION: Instytut fizyky AN URSR (Institute of Physics of the 
AS UkrSSR), Kiev i 


SUBMITED: August 3, 1962 
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gp cabrHors:) <2) gabovich,/iit!.D.; ana Kirichenko, G. S. 


RTE TBS ee Microwave ‘generation by electrons oscillating 
Hig ae PA ~ din the potential well formed by positive space 
Charge oo bet 


| "> PERIODICAL: -" Radiotekimika 4 elektronika, v. 8, no. 3, 1963, 


ce, MERIT: -: A microwave generator is discussed, which consists of 
. @ diode with an ion current limited by space charge; the fre- a 

“s. queney does not depend on the external circuit but depends only - 
on the ccllector potential. Ina hot-cathode diode with cesium 

-: vapor, conditions can be created in which a potential well is 

: ‘formed near the cathode, : and. cesium ions oscillate in this .well, 
“The frequency of oscillations depends on emitter temperature, 
electrode spacing, potential difference, and the mass of oscil- 

_ lating ions. “ Frequency~voltage dependence is shown in a graph, 
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: ential wel 
‘may oscillate, ©The frequency is 
"don oscillation, except that electron mass is substituted for . i te 
-. don mass. The temperature: of the emitter must be such as to pro-: 
» duce both ions and electrons, In an experimental diode with in~ : 
directly heated tantalun emitter and: cesium vapor, oscillations. _. 
were detetted in the range of 150 ~ 1000 Mc/s in a narrow tem- 
' perature range around 1900°K.. ‘Frequency was found to be in good - 


“agreement with the anal Wide frequency variations 
 @7re possible. There is-1 figure, 
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| TITLE: Role of the velo | 
aa ion beam, velocity of ions during excitation of plasma ose tions by | 
7 4\ | 
| | 


| SOURCE: Ukrains 'kyy fizyohnyy zhurnal, v. 8, no, 6, 1963, 624-627 


ee ee 


TOPIC TAGS: plasma osoiliation: 4 | 
+ ion beam transmission, 4on beam- las - 
action, stability, ion beam stability, plasma noise level, plasma Sena 


ABSTRACT: The 
| purpose of this investigation was to ver 
| Of a slow ion beam when the ion energy increases, Ba rol preigth ge tas pati 


| for stability as 
V8. wha a \*)3 
| op ot |!+ (Se) f 
t } 
fi V is the velocity of the beam ions, C, the thermal speed of the electron $ 
e 


| 
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i 
; An experimental. setup was devised by which it was possible to control the ion 


j@nergy. Oscillations were measured by means of a probe’up to a frequency of 4,35 - | 


f 


i Mes at various values of delta V, the differenco of potential between the emitter » 

‘and the anode. At delta V value less than 3.5 Volt ions can not reach the probe, 

; and only a noise was registered, At delta V between 4.5 and 13.5 Volt the ion 

; beam excited plasma, so that definite oscillation peaks were observed on the spec= 

| trum As the beam energy increased the oscillation amplitude decreased, and at a 

; Voltage exceeding 13.5 Volt i¢ was impossible to observe oscillations because of 

| the noise background. The oscillation amplitude and frequency are shown on fig. 3 | 
of enclosure 01 as functions of 4on energy E. The E values were calculated from | 

| delta Y, the space potential and the contact potential difference between the probe 

| which 1s coated with a Cs film and the emitter which has no such coating, The 

| measured temperature T sub © reached about 20,000 K. The concentration of beam 

; 4ons and plasma ions was about equal. The ion energy E was then at its highest 

; Value of about 6kT sub e. And when this value was exceeded the system became 

| stable, The experiments substantiated the theory. The orig. art. has: — 


| 1. forma, and 4} figures. — 
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| Gabovich, Mark Davidovich Ie 
Plasma ion sources (Plazmennyye istochniki ionov), Kiev, Naukova dumka, 1964, * 
| 220 p. illuae, biblio. (At head of title: Akademiya nauk Ukrainskey SSR. Inati= 
____tut fiziki) 2,80 copies printed. 

TOPIC TAGS: plasma, ion, plasma oscillation, ionized plasma, plasma source, ion 


source, hydrogen ion, ion beam, gas discharge 4 


, PURFOSH AND COVERAGE: This book is a survey of literature on gas discharge ion 
sourcese Different types of plasma ion sources are examined: sources of atomic |: 
and molecular hydrogen ions and multiply charged ions, electrons and other 
particles. This study is aleo concerned with ion extraction and the primary 
shaping of Lon beams. The yield of quasi-neutral ion flows in a vacuttm and the . 

role ofoscillation properties of plasma are also considered. The book is intend~' 

ed for scientific, engineering, ene Sechniced personnel and studenta. im 


| TABLE OF CONTENTS (abridged): 
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AUTHOR: Gabovich, M.D, ; Romanyuk, L,I. ; Lozovaya, Ye.A. 
TITLE: Escape of plasma from an oscillating electron source into vacuum in the 
presence of a magnetic field 


SOURCE: Zhurnal tekhnicheskoy fLiziki, v.34, no.3, 1964, 488-495 


OWPIC TAGS; plasma, plasma source, oscillating electron plasma source, plasma in 
magnetic field, probe measurements, thermal probes, plasma escape : 


ABSTRACT: The escape of a helium plasma from an oscillating electron source into J 
vacuum was investigated experimentally in the presence of a magnetic field. The 
source employed a 6-mm diameter indirectly heating cathode on the axis of a 3.cm 
diameter cyiindricai anode. The reflecting electrode was located 6 om from the ca- 

thode, was kept at cathode potential, and had a 3-mm diameter opening for plasma es~ 

cape. The glass vacuum chamber was about 12 om in diameter and 27 cm long. Gas pres- 

sures of 2 x 1072 and 2 x 10-4 mn Hg were maintained in the source and the vacuum 

chamber respectively. Anode potentials fron 150 to 200 V were employed with dis- 

charge currents from 1.0 to 1.5 A. The source and vacuum chamber were located in a 
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uniform longitudinai magnetic field of 1000 Oe or less. The escaping plasma was in- 
vestigated with probes of various types. In spite of the strong magnetic field, the 
ion current in the escaping plasma was not confined to the axis of the chamber but 
extended several centimeters from the axis. The ion current was due mostly to order- 
ed motion, the current due to chaotic motion being very small. Most of the ions had 
energies roughly equal to the cathode drop in the discharge. There was a small ad- 
nixture of lower energy ions. The distribution of electrical potential in the ea- 
caping plasma was determined with the aid of two types of thermal probe. At a fixed - 
distance from the source the potential, as a function of the radius, showed a mini- 
mum on the axis of the chamber and a maximum some millimeters off the axis. On the 
axis the potential (with respect to the cathode and reflector) was large and posi- 
tive near the source and fell rapidly to zero within a few centimeters. At the axis 
of the chamber an insulated probe assumed a large negative potential of several tens 
of volts. This potential increased in‘absolute value (became more negative) as the 
distance from the scurce was increased. When the probe was moved off the axis, the 
potential first fell rapidly to zero and then became positive. This behavior is in- 
terpreted as indicating the presence of a narrow beam of fast electrons produced by 


interaction of the electron current with the plasma within the source. Orig.art. 
has: 3 formulas and 7 figures. 
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“AUTHOR: Gabovich, M.D.; Mitropan, I.M. 
“TITLE: Interaction of plasma streams moving in opposite directions along the axis 
of an induction pinch 


SOURCE: Zhurnal tekhnicheskoy fiziki, v.34, no.6, 1964, 993-997 
TOPIC TAGS: plasma, plasma containment, plasma stability, hydrogen plasma 


ADSTRACT: Tho behavior of an induction pinch in a hydrogen plasma was investigated. 
The pinch was produced in a 6.4-cm-diameter glass tubo by discharge of a 10-micro- 
farad capacitor bank, charged to about 25 kV, through two copper loops encircling 
the tube and located 8.4 cm apart. The period of this system was somewhat greater 
than 6 microsec. ‘The magnetic field at the axis of the tube was moasured with a 
movable probe. When the hydrogen pressure was 0.1 mm Yg, the phenomena observed 
were the same as previously described by the present authors (ZhTF 32,1371 ,1962). 
‘At a pressure of ().06 mm Hg, the oscillogram from the magnetic probe was the same 
as before, when the probe was located beneath one of the copper loops, but it alter- 
ed as the probe was moved toward the central plane between the two loops. In this 
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central region the magnetic field showed two maxima and fell to zero between then. 
This behavior is ascribed to an instability of the type discussed by W.E,Nixon, W. 
F.Cummings, F.H.Coensgen, and A.E. Sherman (Phys .Rev.119,1457,1960) due to the inter- 
mingling of two streams of plasma flowing in opposite directions toward the central 
plane from the regions of high magnetic field beneath the loops. The experiment was 
repeated with a constriction 1 cm in diameter and 3.5cm long in the discharge tube and a 
_specially constructed differential flux meter entirely outside the tube. Similar re-' 
sults were obtained. When one end of the constriction was closed with a glass stop- - 
per, preventing slow of plasma toward the central plane from one direction, the 
diamagnetic effect disappeared. Orig.art.has: 5 figures. 
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TITLE: The thresheld energy of tons in two-beam fonic instability 


‘SOURCE: Zhurnal eksperimental'noy teoreticheskoy fiziki, v. 47, 
noe 4, 1964, 1594-1595 


. 
a of 


‘| TOPIC TAGS: plasma, plasma instability, plasma oscillation, ton 


beam, electrcn temperature, plasma diagnostics 


“ABSTRACT: Lt £9 pointed out that relative motion of an fon beam and : 
‘' plasme or plasma. streams can be accompanted by two-beam tonic insta- | 
:, bilit:. Oscillations can be excited in passage through the plasma. | 
a The present article describes experiments performed in order to de- a 
termire the threshold energy of fons tn tworbeam instability. Ton Ae 
beams with currents on the order of 1 mamp were passed through plas- uae 
> ma fovmed in di€ferent gases, and oscillations excited by the beam at i 
+. @ifferent electron temperatures wore observed, It was established } 
*! that ‘che dependence of the amplitude of the oscillations on the ener- r 
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; f 
gy of the fons can be represented by a curve which contains a max~ 
imun. It was found that in accordance with theoretical predictfons, 

: the threshold energy of fons determined from the maxima as a function ae 
i : of the temperature of the fons is proportional to the electron Cen~ | 
perature. The frequency of oscillations was determined to be approx- H 
' | dmately proportional to the velocity of the tons, It is potnted out i 
that the experiments indicate the possibility of using two-beam fonic i 
instebility for thermalization of powerful fon beams in plasma with | 
high electron temperature and for plasma diagnostics, Orig. arte 
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aes TITLE: Formation of a quasineutral beam of accelerated fons in the plagea iseuing | 
; from an ion sourci es : 


== SOURCE: Zhurnal--tykhnt cheakoy -fizttt;-vi98 ;-nos1;-1966 ;-94=100-— == 


2 : TOPIC TAGS: plasm, ion bean, fon source, ion acceleration 


| ABSTRACT: This piper reports a continuation of previous work of the authors (ZhTF 
: 34,488,1964) concerning. the reflex discharge ion source. The apparatus ig similar 
_ to that described in the earlier paper, with such modifications as were required. 
, £or the particular experiments performed. The apparatus was operated under a vari-~- 
: ety of conditions, the current-voltage characteristics were measured, and particu-.. 
i lar attention was given to the potential gradient in the plasma beam issuing from 
' the source. The pitincipal conclusion is that the following conditions are requi- 
| site for obtaining ions with energies corresponding to the cathode drop: the issu-. 
ing plasma must contain an intense beam of primary electrons with appropriata ve- 
; locity distribution; the plasma must issue from the chamber into a region of suf- 


i 
t 
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| ficiently high vacuum; there must be not positively charged electrode outside the 

discharge chamber that could remove electrons from the issuing plasma. Orig.art. 

has: 6 figures. ‘ : 
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TITLE: Two-stream instability in a system of interacting ion beams 
SOURCE: Zh eksper i teor fiz, v. 50, no. 5, 1966, 1183-1186 


TOPIC TAGS: plasma instability, ion beam, plasma beam interaction, plasma electron 
temperature, plasma oscillation, Doppler effect 


ABSTRACT: ‘This is a continuation of eerlier work by the authors (ZhETF v. 47, 1594, 
1964 and elsewhere) dealing with the interaction of an ion beam with a plasma.”’ These 
investigations have verified the basic theory of two-stream ion instability’ “and have 
demonstrated the possibility of thermalization of an Intense Ion beam in a plasma 
characterized by a high electron temperature. The present study is devoted to in- 
stability of interpenetrating potassium ion beams with energies up to k kev ina 
plasma formed by the ionization of a gas (krypton or neon) at a pressure 3 x 107° 

- lo-* mm Hg by these fast ions. It is shown that two-stream ion instability can 
arise in such a system, which can be regarded as consisting of two ion beams moving 
in'the same direction but with different velocities, if the energy difference. in the 
beams is smaller than some threshold value. For example, for ion beams with energies 
of the order of several kev, with electron temperature of 1 ev, the threshold may be 
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several hundred volts. The oscillations predicted by the theory were actually ob- 
served and their spectra determined and analyzed. The results show that the in- 
stability leads to an effective exchange of energy between the beams and that the 
energy exchange increases with increasing beam current. This points to the pos- 
sibility of realizing effective energy exchange in unstable interpenetrating beams 
with sufficiently large currents. The relation between the observed oscillations 
and the velocity of the ion beams is also measured and a proportionality between 
these two quantities was found, attributed to the Doppler effect observed in a co- 
ordinate system connected with the stationary plasma. Orig. art. has: 6 figures 
and 3 formulas. 
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SOURCE: AN UkeSSR, Vzaimodeystviye puchkov zaryazhennykh chastits s plazmoy (Inter- | 
laction of charged particle beams with plasma). Kiev, Naukova dumka, 1965, 44-51 
"TOPIC TAGS: plasina beam interaction, ion beam, cesium plasma, inert gaS, gS density, ! 
plasma electron temperature, standing wave 


‘ABSTRACT: The experimental parameters were chosen to satisfy the instability criteria 


4 


laerived by Vedenov, et al (UPN , 1961, 73, 701) using abéesiwm ion beam with an energy | 


lof several ev. A plasma of 10°" cm particle density was produced in inert gas dis- 


charges « Beam density was of the same order of magnitude. The amplitude and frequen- | 
‘cy of oscillations excited by jon beams was studied as a function of the electron tem- ' 
perature, gas density and ion mass. It is shown that the peak amplitude of the frequen-' 
lcy spectrum can be oxplained by the theoretical ion beam energy at which stable ope~ |_— 
ration occurs. /\s magnetic field was increased (in a direction parallel to the beam), ! 
there was a great: increase in noise which made the diagnostic measurement more diffi- 
cult. However, it was possible to show that the excited oscillations have the same a 
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character as in the case where there is no Magnetic field. In particular, the criti- 
Cal beam energy above which Stable operation occurs was demonstrated through the use | 
of a feedback scheme which generated a standing wave. The experimental results show 
ithat ion beams can be used for the plasma diagnostics since the critical energy de- 
pends strongly on the electron temperature of the plasma. Orig. art. has: 6 figures, 
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1.Karekiy sakhsvekletrest (fer Gabevich).2.Sakhar saved i 
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(Sugar machinery) 
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1.Upravleniye sakharnoy promyshlennosti Kurskogo sovnarkhoza, 
(Diffusers) 
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1. Upravlentye sakharnoy pronyshlennosti Kurskogo sovnarkhoza. 
(Diffusers) 
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1.Upravleniye sakharney premyshlennesti Kurskege sownarkhoza. 
(Heat exchangers) (Tubes, Cepper) 
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Increasing the capacity of heat exchangers. Sakh.prom. 27 no.8:34-35 
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1, Kurskiy sakhevekletrest. (Sugar machinery ) 
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1. Kurskiy sakheveklotrest. . 
(Sugar industry--Bquipeent and supplies) 
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1. Kurskiy sakhsveklotrest. 
(Sugar industry—Equipment and supplies) 
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(Sugar industry--Handbooks, manuals, etc, ) 
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